Detection of gene expression in different types of brain cells e.g., neurons, astrocytes, oligodendrocytes, oligodendrocyte precursors and microglia, can be hampered by the lack of specific primary or secondary antibodies for immunostaining. Here we describe a protocol to detect the expression of three different genes in the same brain section using double fluorescence in situ hybridization with two genespecific probes followed by immunostaining with an antibody of high specificity directed against the protein encoded by a third gene. The Aspartoacyclase (ASPA) gene, mutations of which can lead to a rare human white matter disease -Canavan disease -is thought to be expressed in oligodendrocytes and microglia but not in astrocytes and neurons. However, the precise expression pattern of ASPA in the brain has yet to be established. This protocol has allowed us to determine that ASPA is expressed in a subset of mature oligodendrocytes and it can be generally applied to a wide range of gene expression pattern studies.
Introduction
Glial cells, which are the most abundant cells in the central nervous system (CNS), comprise oligodendrocytes (the myelinating cells of CNS), oligodendrocytes precursors (OPs, also known as "NG2 cells"), astrocytes and microglia. There is growing interest in the functions of glial cells and their potential roles in neurological diseases 1 . For example, Canavan disease (CD) is a hereditary neurodegenerative disorder starting early in infancy with spongiform leukodystrophy and a progressive loss of neurons, leading to death usually before 10 years of age 2, 3 . Mutations in the Aspartoacyclase (ASPA) gene that lead to drastically reduced ASPA activity 4 in CD have been identified. ASPA is an enzyme catalysing the deacetylation of N-acetylaspartate (NAA), a molecule highly concentrated in the brain, generating acetate and aspartate [5] [6] [7] . Many CD patients show higher levels of NAA due to lack of ASPA activity. Some studies speculate that NAA-derived acetate could be a major source of fatty acids/ lipids in the brain during development and CD may result from decreased myelin synthesis during development caused by the failure of NAA to be broken down 3, 5, 6 . ASPA is predominantly found in the kidney, liver and white matter of the brain, and given the important role of ASPA in CD, the cellular expression of this enzyme in the brain has been studied by several labs. By looking at ASPA enzymatic activity in the brain, earlier studies found that the increase in ASPA activity during brain development parallels the time course of myelination [8] [9] [10] . At the cellular level, assays for enzymatic activity as well as in situ hybridization (ISH) and immunohistochemistry (IHC) analyses suggest that ASPA is mainly expressed in oligodendrocytes in the brain but not in neurons or astrocytes [11] [12] [13] [14] [15] [16] . A few studies found that ASPA might also be expressed in microglia in the CNS 12, 14 . So far data on ASPA expression in OPs are limited. According to a recent study where transcriptomes of different cell types in the mouse cerebral cortex including neurons, astrocytes, OPs, newly formed oligodendrocytes, myelinating oligodendrocytes, microglia, endothelial cells, and pericytes were analysed by RNA sequencing 17 , ASPA is exclusively expressed in oligodendrocytes, in particular in myelinating oligodendrocytes (http://web.stanford.edu/group/barres_lab/brain_rnaseq.html). Despite these studies on ASPA expression pattern in the brain, a number of uncertainties remain.
Different techniques can be used to study gene expression patterns. IHC is a commonly used method for detecting the functional product (i.e., protein) of a gene expression in tissue sections. Despite its great utility, this technique has limitations as its application and specificity are subject to the availability and specificity of the antibody needed. By comparison, ISH has the advantage of being able to reveal the expression of any gene at the mRNA level. However, it can be technically challenging to use several probes at the same time in order to localize a gene expression to specific cell types. In this article, we describe a protocol combining double fluorescence RNA in situ hybridization with fluorescence 6. Run1 µl of the transcription reaction on a 1.0% agarose gel to check that the reaction has worked. The gel should show the linear template and a bright band of the probe. 7. Make the volume up to 100 µl with hybridization buffer and store 10 µl aliquots at -80 °C. lid and then autoclave. 3. Terminally anaesthetize a mouse by intra-peritoneal injection of pentobarbitone (50 mg/kg). Assess the depth of anaesthesia by toe pinch and the absence of withdrawal reflex indicates deep anaesthesia. 4. Once the mouse is under deep anaesthesia, make an incision beneath the rib cage and cut through the rib cage on both sides, lift it to expose the heart. 5. Insert a 25-G needle into the left ventricle of the heart. Make a small incision in the right atrium of the heart. 6. Perfuse the animal with 20 ml PBS and then 40 ml formaldehyde solution. For P30 and older mice, use a perfusion rate of 12 ml/ min but for younger animals use a lower rate (7 -10 ml/min). 7. Dissect the brain.
Perfusion, Fixation and Tissue Collection
1. Sever the mouse head with surgical scissors by making a cut posterior from the ears. Make a caudal midline incision in the skin and work rostrally to remove the skin from skull. 2. Starting from the caudal part, cut through the top of the skull along midline and between the eyes with Iris scissors. Remove the parietal and frontal bone plates by tilting one side of a bone plate each time and snapping it off with tweezers.
Mounting
1. Partially dry the slides at RT, and mount with a fluorescence mounting medium. Leave the slides to dry and then image in a confocal microscope under 10X, 20X and 63X objectives using 4 different channels with the following excitation wavelengths: 570 nm for Fast Red, 488 nm for FITC, 647 nm for Olig2 immunolabelling and 350 nm for Hoechst.
Representative Results
This article describes a method for a double fluorescence ISH followed by immunolabelling in mouse brain sections. A brief description of this protocol is shown in Figure 1 . The first step was to synthesize probes specific to Aspa and Mbp (myelin basic protein). To check that the probes had been synthesized, a small aliquot of each reaction was run on an agarose gel. The faint linear template and a large amount of the RNA probe can be seen (Figure 2) . Double fluorescence ISH forAspa and Mbp, followed by Olig2 immunolabelling and Hoechst nuclear staining, was performed on mouse brain sections. We scanned the brain sections in a confocal microscope and stitched the images together to reveal the distribution of gene expression signals in the brain. Aspa expression in Mbp-positive (Mbp+) cells was observed throughout the brain (Figure 3) . We also examined Aspa expression in different brain structures using a higher magnification. Aspa expression in oligodendrocytes in the cortex and corpus callosum are shown in Figure 4 . The co-localization of Mbp, Olig2, and Aspa indicates that Aspa is expressed in a subset of mature oligodendrocytes in the cortex and the corpus callosum (Figure 4 ). These results demonstrate that this protocol can simultaneously detect the expression of three different genes in brain sections. There is a choice of reagents for detecting the hybridized probes. Fast Red is a sensitive fluorescent reagent but not all batches of Fast Red give the same result. It needs AP for development and gives fluorescence with rhodamine excitation. In our experience, it is important to make it fresh with 0.1 M Tris-HCl pH 8.2 and filter it before use. A non-fluorescent option is colour development with nitro-blue tetrazolium (NBT) and 5-bromo-4-chloro-3'-indolyphosphate (BCIP) which works with the same AP-conjugated antibody. Another option is using fluorescent tyramide for detection. Although fluorescent tyramide systems are not the most sensitive methods, the developing reaction with horseradish peroxidase is very quick and there are at least three fluorescent colours (FITC, Cyanine 3 and Cyanine 5) that can be used. A limitation of this protocol is that some target antigens (or epitopes), especially low abundance proteins, may not be detectable after the ISH process and hence are not suitable for IHC after ISH. In our immunostaining, antibody detection of Olig2 appears unaffected. The user will need to choose the right antibody for immunolabelling following ISH.
IHC and ISH are commonly used techniques for gene expression pattern studies, and both have pros and cons. IHC is a highly sensitive method for detecting the cellular expression of genes in brain sections, but its reliance on the antibody affects its specificity and limits its application. By contrast, ISH has a high specificity and the probe of any gene can easily be synthesised by in vitro transcription using the gene specific cDNA as template. The protocol that we developed takes advantage of both methods, combining double ISH with IHC to achieve triple detection of gene expression with high specificity.
In short, the protocol we describe here enables simultaneous staining of two mRNAs and one protein, so it provides a useful tool for illustrating co-localized gene expression. Despite the fact that mRNA expression does not always correlate with protein expression, ISH is a powerful technique that allows us to examine gene expression with high specificity. Our protocol of double fluorescence ISH combined with IHC has proved to be a success in detecting Aspa expression in a subset of oligodendrocytes in brain tissue of adult mice, and it can be easily adapted for a variety of tissues of different origins and developmental stages. In addition, this protocol can also be used for detecting expression of small RNAs such as miRNA.
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